Chlorophyll-a may be directly influenced by local variables and/or indirectly by land use and cover, once landscape modifications change limnological variables, which in turn affect the primary productivity of aquatic environments, e.g., streams. Therefore, the objective of this study was to determine the relative importance of the local and landscape environmental components and assess the direct and indirect effects of these variables on sestonic chlorophyll-a concentration in 30 Cerrado streams (Santa Teresa River basin). Results: All aquatic environments were oligotrophic during the study period. Only the local variables were important to explain chlorophyll-a variation (R 2 = 0.27; P = 0.04). In addition, the path analysis showed that all variables used in the analysis influenced chlorophyll-a concentration more directly than indirectly. Conductivity was the most important variable to directly influence chlorophyll-a, followed by turbidity. Conclusion: The large amount of remnant native vegetation in the basin indicates that the region studied is well preserved, which may explain the greater importance of local variables and the low effect of the landscape in explaining chlorophyll-a variation.
effects on primary productivity, especially given that the Cerrado has experienced strong changes in natural landscapes, converting natural vegetation to agropastoral environments (Klink & Machado, 2005) . Therefore, considering that the aquatic environments are directly and indirectly affected by characteristics of the surrounding terrestrial ecosystems, the objective of this study was to determine the relative importance of the local and landscape environmental components and verify if the direct and indirect effects of these variables on sestonic chlorophyll-a concentrations in Cerrado streams. The hypotheses of the present study were: i) Most of the variation of chlorophyll-a should be explained by local components; ii) The effects of the landscape should be important indirectly affecting the chlorophyll-a.
Material and Methods

Study area
Samples were collected in Cerrado areas, within the Santa Teresa River basin in the north of Goiás State between the months of August and September 2013 (dry season). A total of 30 streams were sampled (Figure 1 ). The Santa Teresa River basin is inserted in the Upper Tocantins River System, macro-regional context of the Tocantins -Araguaia basin region. The streams of Santa Teresa presented interspersed areas with rapids waters, corridors and backwaters, and with substrates composed of silt, sand, gravel, pebbles, boulders and rocks. The marginal vegetation consists of grasses, shrubs and trees. The climate is humid tropical type, highlighting two well defined seasons, with the rainy season during the months from October to April and the dry season from May to September. The average annual temperature in the region is between 21 to 25 °C.
Data sampling
Chlorophyll-a
A habitat with higher amounts of standing water was selected and five liter samples of water were obtained in each sampling site to obtain the chlorophyll-a. Then, samples were filtered in Whatman glass fiber disks, GF/C with 47 mm diameter and pore of 0.45 μm. The largest possible amount of water was filtered. The filter was stored in aluminum foil after filtering, stored in the dark and was kept frozen in the refrigerator until sample processing (APHA, 1995) . We used the Golterman et al. (1978) methodology to analyze the Chlorophyll-a
Introduction
Chlorophyll-a is a photosynthetic pigment found in all organisms that perform photosynthesis. The sestonic chlorophyll-a, represented by phytoplankton, are photosynthetic organisms that comprise eukaryotic organisms as well as cyanobacteria (Lee, 2008; Kilroy et al., 2013) . These organisms are good indicators of environmental quality for being sensible to environmental changes and having a fast response, due to their short lifespan (Lee, 2008) . Chlorophyll-a has been continuously studied (Marcionilio et al., 2015) and is a good representative of phytoplankton biomass (Boyer et al., 2009; Carneiro et al., 2014) and may be used to indicate environmental degradation (Figueroa-Nieves et al., 2006; Boyer et al., 2009; Carneiro et al., 2014) in freshwater environments, e.g., streams (Dodds et al., 1998) .
Chlorophyll-a concentration is influenced by several factors acting directly and/or indirectly (Urrea-Clos et al., 2014; Miranda et al., 2014; Carneiro et al., 2014) . Local environmental factors, such as limnological variables (e.g., nutrients, transparency, among others), structure of riparian vegetation, and aquatic herbivores are the main factors to directly determine chlorophyll-a (Carneiro et al., 2014) . On the other hand, these local variables may be affected by environmental landscape characteristics (e.g., land use and cover), indicating an indirect effect of the landscape variables on chlorophyll-a concentration (Miranda et al., 2014; Urrea-Clos et al., 2014) .
The land cover conversion (to agriculture or livestock) and consequent loss of native vegetation leads to an increase in the input of sediment into the aquatic environment during rainy periods. Such increase in sediment input causes an increase in total solids and turbidity in aquatic ecosystems (Liu et al., 2008; Izagirre et al., 2009) . Moreover, when soil without natural vegetation are near agricultural areas, fertilizers, may be carried to the aquatic environment and cause an oversupply of nutrients. These changes result in the increase of chlorophyll-a concentrations, showing the indirect influence of land use and cover, via nutrients, on chlorophyll-a concentration (Urrea-Clos et al., 2014; Miranda et al., 2014) .
The connection between terrestrial and aquatic ecosystems and how aquatic environments respond to peripheral influences is a major paradigm within aquatic ecology (Ward, 1998) . Cerrado (Brazilian Savanna) aquatic environments may be used as models to test the influence of direct and indirect
Local variables
The following variables were measured in each stream, at the site where the water sample for Chlorophyll-a was obtained: pH (hydrogenionic potential), conductivity, dissolved oxygen, water temperature, total dissolved solids and turbidity. All of the aforementioned variables were obtained in the field using Digimed sensors. In addition, 500 mL water samples were collected and stored in polyethylene bottles for total nitrogen and total phosphorus analysis. These polyethylene bottles were transported in a Styrofoam box with ice, and frozen for later analysis in lab (APHA, 1995) . The water flow was also obtained for each site with a flowmeter (Mechanical flowmeters, model 2030 series).
The morphometric variables were width and depth, obtained through field measurements. Width was calculated using a tape measure, and depth using a depth gauge. In addition, forest cover pictures were taken in each stream to verify the percentage of shading. Then, these pictures were classified under supervision using the maximum likelihood method in the software ENVI 4.7. After classification of the data we obtained the shading for each streams.
Landscape variables
The landscape variables used in this study were land use and micro-basin area variables, and were obtained by geoprocessing in the micro-basins upstream to the sampling sites. Rapideye satelite images with a 5m spatial resolution were used. Satelite images were obtained for free thorough the Ministério do Meio Ambiente (BRASIL, 2014) .
The images used (referring to 2011, 2012 and 2013) were already orthorectified, therefore, dismissing the need of performing geometric correction (georeferencing). The drainage was obtained through the digital processing of SRTM (Shuttle Radar Topography Mission) images, obtained from the website of the Ministério da Agricultura, Pecuária e Abastecimento (Miranda, 2005) . The area of the micro-basin upstream to each sampling site was obtained from a point vector file inserted in the drainage network for each site. The area of the micro-basin was later used like mask to make the cropping on high-resolution images.
After cropping, contrast was applied and the segmentation was carried out in the RapidEye images, using a 95% similarity threshold and an area referring to 60 pixels. A supervised classification was carried out after segmentation using the Bhattacharya distance (Bins et al., 1996) , with a 95% similarity threshold. The landscape classes used were remnant, pasture, exposed soil, water and urban area. The wrongly classified polygons were edited after the classification. Then, the data of each land use and soil coverage class (in km 2 ) were obtained.
Data analysis
The relative importance of local and landscape components on chlorophyll-a concentration was investigated through a partial multiple regression. This analysis comprises four unique components that explain the variation in chlorophyll-a concentration throughout the gradient sampled: [d] residual variation (Legendre & Legendre, 1998) . The variables used in the partial multiple regression were chlorophyll-a (response variable) and the local and landscape variables (both predictors). The non-collinear local environmental variables were selected using the Principal Component Analysis (PCA; Figure 2 , Table 1 ). Thus, the following non-collinear local variables were used in the regression: conductivity, width, temperature, pH, turbidity and shading. The landscape variables were represented by Cerrado remnant and sub-basin area. The occurrence of spatial autocorrelation in residual of the regression was tested after the analysis to assess the inflation of Type I error (Legendre & Legendre, 1998) . We constructed the spatial correlogram of Moran I with five distances classes. High Moran I in first distance class indicate spatial autocorrelation and inflation of Type I error. The function varpart, package vegan (Oksanen et al., 2013) of the software R (R Core Development Team, 2015) was used for these analyses.
A path analysis (Legendre & Legendre, 1998 ) was carried out to assess the direct and indirect effects of local and landscape variables on chlorophyll-a concentration. The path analysis was carried out following a consensual model where local variables directly affect chlorophyll-a and the landscape variable indirectly affects chlorophyll-a concentrations. The local environmental variables selected by the PCA (conductivity, width, temperature, pH, turbidity and shading) and the landscape variable (remnant Cerrado vegetation) were the predictor variables in the proposed model, while the response variable was chlorophyll-a concentration. For this analysis we used the function path.analysis, package Agricolae (Mendiburu, 2014) of software R (R Core Development Team, 2015) . The limnological, morphometric and chlorophyll-a data used in the analyses were standardized using Z scores and the landscape data were standardized using the arcsine of the square root.
Results
The average chlorophyll-a concentration in streams was low (1.37 μg/l). The highest concentration (2.95 μg/l) was recorded in stream 19 and lowest (0.30 μg/l) in stream seven (see Table 2 for descriptive statistics). The average total nitrogen and total phosphorus values were also low. The streams had a low water flow, a pH level near neutrality, were shallow, transparent and had a high average of shading.
The Cerrado remnants prevailed in most of the studied area, followed by pasture ( Figure 3 ). There was a low prevalence of exposed soil, urban area and water. In addition, no agricultural areas were detected in the analyzed sub-basins.
The local and landscape components, jointly, explained 44% of the chlorophyll-a variation within streams. However, individually, only the local environmental components significantly explain the variation in chlorophyll-a concentrations ( Table 3 ). The regression residual was not spatially autocorrelated (Moran's I in first distance class = -0.06; P = 0.55). The most important local variable, and only to significantly explain the variation in chlorophyll-a concentrations was conductivity (R 2 = 0.16; P = 0.02; Table 4 ). Conductivity was negatively related to chlorophyll-a.
All variables used in the path analysis (local and landscape variables) had more direct than indirect influence in the concentration of chlorophyll-a (Figure 4 ). In addition, conductivity and turbidity were the only variables to be significantly related (P < 0.05) with chlorophyll-a (in a direct effect).
Discussion
The streams of Santa Teresa river presented low chlorophyll-a concentration, low nutrient concentration and high transparency. Theses limnological features indicate that study area is oligotrophic (Dodds et al., 1998) . Other studies in streams that also investigated sestonic chlorophyll-a, found lowest values (and similar to this paper < 5μgL -1 ) in more pristine environments and a higher percentage of vegetation (Choi et al., 2015; Dodds et al., 1998) . In addition, this study investigated the sestonic chlorophyll-a, which is less than the benthic chlorophyll-a. However, both are positively related, mainly because considerable part of the planktonic community comes from the bentonic community (Swanson & Bachmann, 1976) . Therefore, in a space research (such as the present paper), areas with the highest concentration of benthic chlorophyll-a must also possess higher sestonic chlorophyll-a.
We found that local environmental factors are the main factors to determine chlorophyll-a variation using different methodological approaches (multiple regression and path analysis). In addition, the indirect effects of land cover had little effect on phytoplankton. Recent studies have highlighted the importance of local environmental components in structure of aquatic communities, such as algae (Algarte et al., 2014; Huszar et al., 2015) , fish (Beisner et al., 2006) and chlorophyll-a (Carneiro et al., 2014) . Moreover, the importance of local and landscape components has been investigated in aquatic environments with different impacts. For example, Choi et al. (2015) investigated sestonic chlorophyll-a in 70 Korean streams with different land uses and cover (forest and urban); they found that land use and total phosphorus were more important in explaining the variation of chlorophyll-a. However, few studies have quantitatively investigated the indirect effects of the landscape on aquatic environments (e.g., Miranda et al., 2014) .
Landscape characteristics are conceptually expected to affect indirectly in chlorophyll-a concentration. However, the level of interference also depends on local factors, such as depth, width and characteristics of the surrounding environment (Miranda et al., 2014) . For example, the presence of riparian vegetation in the sample points (shading that indirect landscape variables have less effect.
With that, landscape variables may not be said to not affect aquatic environments, once there are clear evidences of the interaction between aquatic and terrestrial environments (see Ward, 1998; Miranda, 2005; Urrea-Clos et al., 2014) . For this study, the presence of riparian vegetation may have neutralized the landscape influences in the sampled streams. We highlight that studies aggregating landscape variables, local environmental variables and information on hydrodynamics are critical to understand the factors that affect phytoplankton in streams.
as proxy) can tamponate the negative influence of landscape on the local conditions (Náiman & Décamps, 1997) . Therefore, the low influence of the landscape variables on chlorophyll-a (reflected in a low explanatory power) reported in this study is due to the condition of the sub-basins, which mostly show a high percentage of remnant vegetation. In addition, the dry period may also have contributed towards this result, once there is little runoff of the components accumulated in the basin (e.g. nutrients) to the aquatic ecosystem during this period (Ferrareze, 2012) . The importance of conductivity and turbidity is highlighted among the local variables. The increase in conductivity may affect physiological processes of the phytoplankton, hindering the development of new cells or even diminishing photosynthesis (Silva et al., 2000) . Such effect of conductivity may explain the negative relationship between chlorophyll-a and conductivity found in this study. Standing water environments usually occur during the dry period due to low river flow; moreover, in this study the samples occurred during the dry season and due of low river flow, the sampled habitats may be similar to lentic environments. Nonetheless, the material present at the bottom of the streams may be resuspended, causing a decrease in primary productivity with increased conductivity (Boyer et al., 2009 ). Resuspension may occur through water flow changes or even through the wind (Esteves & Suzuki, 2011) and species such as fish and other organisms that revolve the stream bottom seeking for food (Maurer et al., 2014) . Moreover, more turbid environments are expected to have lower primary productivity (Liu et al., 2008; Izagirre et al., 2009) . Nonetheless, in regions with low concentration of chlorophyll-a, few local environmental modifications (e.g. resuspension of sediments) could increase the availability of nutrients which would result in increased concentration of chlorophyll-a. In addition, other studies have showed dominance of species of cyanobacteria and increasing blooms in more turbid and slow environments (see Scheffer et al., 1997) . Therefore, the relationship of turbidity with the chlorophyll-a or other aspects of phytoplankton community (e.g. species richness and biovolume) are not clear and monotonic. Factors such as species composition and local environmental conditions also affect this relationship.
Finally, this study showed that chlorophyll-a in headwater streams is, relatively speaking, more influenced by local environmental variables and
